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TXDOLILHG IRU PRUH WKDQ MXVW UHSHWLWLYH RSHUDWLRQV 7KH
GHYHORSPHQW RI SUREOHP VROYLQJ VNLOOV WR DXWRQRPRXVO\
GHDOZLWK IDLOXUHVRUFRPSOHWHO\QHZ WDVNV LVJHWWLQJPRUH
DQG PRUH LPSRUWDQW $W WKH VDPH WLPH WKH RQJRLQJ
LQGLYLGXDOL]DWLRQRISURGXFWV LQ LQGXVWULDOPDVVSURGXFWLRQ
SRVHV QHZ DQG PDMRU FKDOOHQJHV RQ WKH TXDOLILFDWLRQ RI
SURGXFWLRQZRUNHUV>@
%HFDXVHRI QRRURQO\ IHZ UHSHWLWLRQVRI WKH LQGLYLGXDO
SURGXFWLRQ VWHS LW LV QRW UHDVRQDEOH WR MXVW UHSURGXFH DQG
SUDFWLFH LW ,Q DGGLWLRQ WUDQVIHUULQJ H[WHUQDOO\ OHDUQHG
FRQWHQW WR WKH UHTXLUHPHQWV RI WKH ZRUN SODFH LV XVXDOO\
DVVRFLDWHGZLWKHQRUPRXVORVVHV>@,QWKLVFRQWH[WZRUN
EDVHGRUZRUNLQWHJUDWHGOHDUQLQJLVDVXLWDEOHDSSURDFKDV
LW WDNHVSODFHGLUHFWO\ LQ WKHZRUNLQJ HQYLURQPHQW >@ DQG
GHDOLQJZLWK UHDOZRUN WDVNV >@ ,QGRLQJ VR WKH OHDUQLQJ
FRQWHQWLVLPPHGLDWHO\FRQQHFWHGWRQHHGVDQGDSSOLFDWLRQV
RIGDLO\ZRUN>@7KXV WKHPRWLYDWLRQ WR OHDUQDVZHOODV
UHFDOOLQJWKHDFTXLUHGNQRZOHGJHLVVXSSRUWHG>@
$W WKH VDPH WLPH WKH FXUUHQW GHYHORSPHQW WRZDUGV
,QGXVWU\LVFORVHO\OLQNHGWRWKHHPHUJHQFHRIQHZDQG
WKH HQKDQFHPHQW RI H[LVWLQJ WHFKQRORJLFDO VROXWLRQV WKDW
EHVLGH H[WHQGHG RSSRUWXQLWLHV WR FRQWURO SURGXFWLRQ DOVR
SURYLGH FKDQFHV WR SURPRWH ZRUNEDVHG OHDUQLQJ
&RQFHUQLQJ WKLV PDWWHU LW LV QHFHVVDU\ WR WDS WKH IXOO




IRU WKH LPSOHPHQWDWLRQ RI FRUUHVSRQGLQJ OHDUQLQJPHWKRGV
KDYH WREHGHYHORSHGDVLQWHJUDWHGFRPSRQHQWVRIWKHQHZ
VRFLRWHFKQLFDO V\VWHPV 0DLQO\ VHQVRULPRWRU DVVHPEO\
ZRUN WDVNVZLOOEHDGGUHVVHGLQFRQQHFWLRQ WRUDPSXSVRI
QHZ SURGXFWV WHDFKLQJ QHZ ZRUNHUV RU UDUH ZRUN WDVNV
ZKLFKKRZHYHUKDYHWREHGRQHIDVWDQGUHOLDEOH
7KHSDSHUDWKDQGSRLQWVRXWKRZNH\ UHTXLUHPHQWV IRU
OHDUQLQJ LQ SURGXFWLRQ DUH IXOILOOHG E\ PHDQV RI FHQWUDO
FKDUDFWHULVWLFV DQG WHFKQRORJLHV RI ,QGXVWU\ 
$GGLWLRQDOO\ FRUUHVSRQGLQJ H[DPSOHV RI SUDFWLFH DUH
LQWURGXFHG ,Q FRPELQDWLRQ ZLWK D QHZ DSSURDFK WR
HPSLULFDOYDOLGDWLRQWKLVIRUPVDKROLVWLFPRGHOVXSSRUWLQJ
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of 5th Conference on Learning Factories (CLF 2015) 
83 Günther Schuh et al. /  Procedia CIRP  32 ( 2015 )  82 – 87 







FXUUHQW WDVN DQG OHDUQLQJPHWKRGV2Q WKH RWKHU KDQG WKH
ZRUNLQJ DQG OHDUQLQJ SHUVRQV DUH GHWHUPLQLQJ IDFWRUV
WKHPVHOYHV > @ :KLOH EDVLF SHUVRQDO FKDUDFWHULVWLFV RI
WKH HPSOR\HH PD\ QRW EH LQIOXHQFHG GLUHFWO\ DQG SURGXFW
SURSHUWLHV DVZHOO DV FHUWDLQ SURFHVV UHTXLUHPHQWV DUH DOVR
JLYHQ H[WHUQDOO\ HIILFLHQF\ DQG HIIHFWLYLW\RI OHDUQLQJ FDQ
EH SRVLWLYHO\ DIIHFWHG E\ DQ DGHTXDWH GHVLJQ RI WKH ZRUN
V\VWHP ,Q OLWHUDWXUH D YDULHW\ RI FULWHULD IRU ZRUN GHVLJQ
FRQGXFLYH WR OHDUQLQJ FDQ EH IRXQG ZKLFK DUH PRVWO\
GHULYHG IURP JHQHUDO KXPDQ OHDUQLQJ PHFKDQLVPV ,Q
JHQHUDOOHDUQLQJHQYLURQPHQWVDUHFRQVLGHUHGWRHQFRXUDJH
OHDUQLQJ LI WKH\ DUH UHDOLVWLF VLWXDWHG FRPSOH[ DQG
SUREOHPRULHQWHG,QWKHFDVHRIZRUNEDVHGOHDUQLQJWKLVLV
ZLGHO\ JLYHQ DQ\ZD\ EXW VXSSRUWLYH PHDVXUHV HQDEOH D
PRUHHIIHFWLYHXWLOL]DWLRQLQWKLVUHJDUG>@
&RQFHUQLQJ VXSSRUW IRU OHDUQLQJ DW WKH ZRUNSODFH
PRUHRYHUVHOIGLUHFWHGZRUNLQJDQGOHDUQLQJDUHSRVWXODWHG
>@7KHEDVLVIRUVHOIGLUHFWLQJLVWKHDELOLW\WRFRQWURODQG
FRUUHFW ZRUN UHVXOWV DXWRQRPRXVO\ >@ 7R HQDEOH WKH
XQDLGHGXVHRI OHDUQLQJFRQWHQWE\ WKHHPSOR\HH LQPDQ\
FDVHV OHDUQLQJ E\ LQVWUXFWLRQ LV DOUHDG\ UHSODFHG E\ VHOI
GLUHFWHG DFTXLVLWLRQ RI NQRZOHGJH DQG VNLOOV FRQVWLWXWLQJ
LQWULQVLFPRWLYDWLRQWROHDUQDWWKHVDPHWLPH>@$ERYHDOO
DQ\ OHDUQLQJ DFWLYLW\ LV EDVHG RQ LQIRUPDWLRQ ,I LW LV QRW





7KH EDVLV IRU HIILFLHQW ZRUNLQWHJUDWHG OHDUQLQJ LV D
GHVLJQ RI WKH ZRUN V\VWHP WKDW LV FRQGXFLYH WR OHDUQLQJ
7KLVHQDEOHVWKHGHYHORSPHQWRIRWKHUZLVHODUJHO\XQWDSSHG
FRPSHWHQFH SRWHQWLDO ZKLFK FRXOG QRW EH DGGUHVVHG
DGHTXDWHO\LQOHDUQLQJVLWXDWLRQVRXWVLGHRIZRUN>@
7R VWXG\ KXPDQ OHDUQLQJ LQ SURGXFWLRQ DVVHPEO\
V\VWHPV ZLWK D ODUJH DPRXQW RI PDQXDO ODERU RIIHU DQ
DSSURSULDWHHQYLURQPHQWDVWKHUROHRIKXPDQZRUNHUVDQG
WKHLUTXDOLILFDWLRQLVRISDUWLFXODULPSRUWDQFH7KHWHFKQLFDO
DQG RUJDQL]DWLRQDO DUUDQJHPHQW VWURQJO\ GHSHQGV RQ WKH
GLUHFWO\ LQIOXHQFLQJ IDFWRUV RI DQ DVVHPEO\ ZKLFK FDQ EH




DQG FRPSOH[LW\ 7KH SURGXFWLRQ IDFWRU SHUVRQQHO FDQ EH
GHVFULEHGPDLQO\ E\ LWV DJH ODQJXDJH VNLOOV DQG OHDUQLQJ
W\SH )LJ  VKRZV WKH EDVLF LQWHUDFWLRQV EHWZHHQ WKHVH






LQIRUPDWLRQ WRROV DQG PDWHULDO )RU WKH HPSOR\HHV WKH
LQIRUPDWLRQKDV WREHGLVSOD\HGDW WKHULJKW OHYHORIGHWDLO
WKHDSSURSULDWHODQJXDJHWKHEHVWZD\RISUHVHQWLQJDQGWKH
DGHTXDWHPHGLXPZKLFKDOORZVWKHPDQRSWLPDODEVRUSWLRQ
>@7RROVDUH WREH UHJDUGHGDV WKHQH[W LPSRUWDQW OHYHU
ZKLFKDOVRFRPSULVHVVHYHUDOLQIRUPDWLRQDODVSHFWV%HVLGH
WKH DUUDQJHPHQWPDQQHU WKH LGHQWLILFDWLRQ RI WKH UHTXLUHG
WRROLQJ HTXLSPHQW DQG PRQLWRULQJ WKH XVH DUH LPSRUWDQW
FRPSRQHQWV LQ WKLV UHJDUG >@ 7KH PDWHULDO LQ WHUPV RI
SDUWV WR EH LQVWDOOHG DOVR KDV D VLJQLILFDQW LPSDFW RQ WKH
GHVLJQ RI WKH ZRUN HQYLURQPHQW ZKHUH LQ WKLV FDVH WKH
GHSOR\PHQW VWUDWHJ\ WKH PRXQWLQJ SRVLWLRQ DQG DOVR WKH
PHWKRGRILGHQWLI\LQJSDUWVDUHLPSRUWDQW
5HJDUGLQJ ZRUN RUJDQL]DWLRQ D FRPSOLDQW OHDUQLQJ
PHWKRGRORJ\VWDIIRUJDQL]DWLRQDQGWKHZRUNWDVNUHSUHVHQW
FHQWUDO OHYHUV 'HSHQGLQJ RQ WKH OHDUQLQJ W\SH RI WKH
HPSOR\HH DXGLWRU\ YLVXDO FRPPXQLFDWLYH PRWRU  WKH
EHVWPHWKRGXVLQJDVXLWDEOHPHGLXPDWWKHULJKWWLPHKDVWR
EHDSSOLHG >@7KH WDUJHWHGDVVLJQPHQWRISHUVRQQHODQG
WKH RUJDQL]DWLRQ RI URWDWLRQ DQG DOORFDWLRQ RI SRZHUV DOVR
KDYH D PDMRU LQIOXHQFH RQ WKH OHYHO RI TXDOLILFDWLRQ >@
7KH WDVN LWVHOI LV WKH ILQDO FRPSRQHQW RI RUJDQL]DWLRQDO
PHDVXUHV ± WKH VFRSH RI WKH DFWLYLW\ WKH QXPEHU RI





ZRUN LQVWUXFWLRQV (PSLULFDO VWXGLHV KDYH VKRZQ WKDW IRU
ORZYDULDQFH DQ LQVWUXFWLRQ LQ WH[W IRUP LV VXIILFLHQW ± IRU
KLJKYDULDQFHXVLQJDWOHDVWDSLFWXUHRUHYHQDQDQLPDWLRQ
LVPRUHDGYLVDEOH>@6LQFHWKLVZRXOGKDYHWREHVKRZQ
RQ DQ DSSURSULDWH PHGLXP WKLV LV D PRQHWDU\ RYHUKHDG
FUHDWLQJ DQLPDWLRQ VRIWZDUH HWF FRPSDUHG WR D WH[W
EDVHG VROXWLRQ 7KXV WKH VSHFLILF HIIHFWV RI HDFKPHDVXUH
KDYHWREHTXDQWLILHGDQGFRQIURQWHGZLWKWKHLQYHVWPHQWLQ
RUGHUWRDVVHVVLWHFRQRPLFDOO\DQGWRILQGWKHEHVWVXLWDEOH
VROXWLRQ 8VLQJ WKH JLYHQ H[DPSOH IRU OHDUQLQJ LQ D KLJK
YDULDQFH DVVHPEO\ D FRPSDQ\ HPSOR\V RQH LQGXVWULDO
HQJLQHHU¼MXVWWRWUDQVIHUGUDZLQJVLQWRDQLPDWLRQV
ZLWK D VSHFLILF VRIWZDUH  ¼ OLFHQVH DQG  ZRUNHUV
ZRXOGKDYHDWDEOHW¼HDFKIRUWKHLUZRUNLQIRUPDWLRQ
,QWRWDO¼SHU\HDUZKDWORRNVQRWHFRQRPLFDO%XW
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)LUVW RI DOO WKH OHDUQLQJ SURFHVV LWVHOI VKRXOG EH
HQFRXUDJHGE\DSSURSULDWHPHWKRGVRIVXSSRUW,QDGGLWLRQ
KRZHYHUWKHPRWLYDWLRQKDVWREHSRVLWLYHO\LQIOXHQFHGVR
WKDW WKH ZRUNHU OHDUQV RI KLV RZQ DFFRUG DQG ZLWK
DSSURSULDWH HPSKDVLV 0RUHRYHU VXSSOHPHQWDO PHDVXUHV
DFFHOHUDWH OHDUQLQJ E\ UHGXFLQJ FRPSOH[LW\ DQG WKXV WKH
OHDUQLQJ UHTXLUHPHQWV ,Q DGGLWLRQ WR TXDQWLWDWLYHO\
UHVWULFWLQJ WKH VFRSH RI OHDUQLQJ WKH FRUUHVSRQGLQJ WDUJHW
GLPHQVLRQ LQFOXGHV PHDVXUHV WR DYRLG WKH LQFRUUHFW





7HFKQLFDO LQQRYDWLRQV LQ WKH IUDPHZRUNRI ,QGXVWU\
DUHPDLQO\EDVHGRQWKHQHZO\GHYHORSHG,QWHUQHWRI7KLQJV
DQG 6HUYLFHV &RUUHVSRQGLQJ F\EHUSK\VLFDO SURGXFWLRQ




)XQGDPHQWDO WUHQGVDQGPHFKDQLVPV LQ WKLVFRQWH[WDUH
GHILQHG DV SDUW RI WKH +LJK7HFK 6WUDWHJ\ RI WKH *HUPDQ
)HGHUDO *RYHUQPHQW E\ $&$7(&+ >@ ,Q DGGLWLRQ
OLWHUDWXUH SURYLGHV QXPHURXV RWKHU FRPSLODWLRQV RI FHQWUDO
IHDWXUHVRI ,QGXVWU\ >@ ,Q WKHFRQWH[WRI
WKLV SDSHU WKH IRFXV LV RQ SURSHUWLHV WKDW FDQ EH XVHG
GLUHFWO\ WR LQIOXHQFH ZRUNEDVHG OHDUQLQJ &\EHUSK\VLFDO
V\VWHPVFDQ IRULQVWDQFHVXSSRUWSURGXFWLRQOLQHZRUNHUV
E\ RIIHULQJ QHZ ZD\V RI JDWKHULQJ SURFHVVLQJ DQG
YLVXDOL]DWLRQ RI SURFHVV GDWD >@ ,Q WRWDO VL[
FKDUDFWHULVWLFV RI ,QGXVWU\  DUH PHQWLRQHG WKDW DGGUHVV
WKH WDUJHW GLPHQVLRQV IRU SURPRWLQJ ZRUNEDVHG OHDUQLQJ
$V VKRZQ LQ )LJ  WKLV LV DFKLHYHG E\ WKH SUHYLRXVO\
LQWURGXFHG WHFKQLFDO DQG RUJDQL]DWLRQDO OHYHUV
&RUUHVSRQGLQJ K\SRWKHVHV FRQFHUQLQJ WKH FRUUHVSRQGLQJ
LQWHUDFWLRQVFDQWKHQEHYDOLGDWHGE\HPSLULFDOWHVWVHULHV
5HDOWLPH DYDLODELOLW\ RI DOO UHOHYDQW SURGXFWLRQ GDWD LV
PDGH SRVVLEOH E\ FURVVOLQNLQJ SURGXFWLRQUHODWHG ,7
V\VWHPV LQ HQWHUSULVHV DQG LQWHJUDWLQJ VHQVRUV WR GHWHFW
VWDWXV LQIRUPDWLRQRQ WKHVKRSIORRU6RJHQHUDORUGHUGDWD
LV DYDLODEOH DW DOO WLPHV DQG ODWHVW SURFHVV LQIRUPDWLRQ LV
JDWKHUHGE\DQDO\]LQJFRPSOHWLRQFRQILUPDWLRQDQGVHQVRU
GDWD $W WKH VDPH WLPH UHDOWLPH GDWD HQDEOHV LPPHGLDWH
DXWRPDWLFIHHGEDFNIRUSURGXFWLRQZRUNHUV
6RFDOOHG VPDUW SURGXFWV DOVR FRQWULEXWH WR WKH
DYDLODELOLW\ RI LQIRUPDWLRQ 7KH\ PD\ EH LGHQWLILHG DQG
ORFDOL]HGDWDQ\WLPHGXULQJWKHSURGXFWLRQSURFHVVDQGDUH
FKDUDFWHUL]HGE\WKHIDFWWKDWWKH\NQRZDERXWWKHLUFXUUHQW
DVVHPEO\ VWDWXV DQG WKH QH[W SURGXFWLRQ VWHSV WR FRPH
3URYLGLQJ WKLV LQIRUPDWLRQRIIHUVDGYDQFHGRSWLRQVIRU IXOO






SK\VLFDO REMHFW ZLWKLQ WKH V\VWHP 7KHVH FRSLHV FRPSULVH
UHOHYDQWGDWDRIWKHRULJLQDOREMHFWVOLNHSURGXFWVSDUWVDQG
SURGXFWLRQHTXLSPHQW2QVKRSIORRUOHYHOWKHSHUPDQHQWO\
XSGDWHG YLUWXDO UHSUHVHQWDWLRQV FDQ IRU H[DPSOH EH XVHG
IRU YLVXDOL]DWLRQ ,Q DGGLWLRQ WKLV HQVXUHV WKDW SUHYLRXVO\
JDWKHUHGVSHFLILFSURSHUWLHVRIWKHSK\VLFDOREMHFWDUHWDNHQ
LQWR DFFRXQW IRU VXEVHTXHQW SURGXFWLRQ VWHSV ZLWKRXW UH
JDWKHULQJ
%\ DXWRPDWLF SUHSURFHVVLQJ RI FROOHFWHG SURGXFWLRQ
GDWD WKH ODUJH DPRXQWRI H[LVWLQJGLJLWDO GDWD RQSURGXFWV
DQG SURFHVVHV FDQ EH ILOWHUHG FRPELQHG DJJUHJDWHG DQG
DEVWUDFWHG WR IDFLOLWDWH FRJQLWLYH DFTXLVLWLRQ DQGXWLOL]DWLRQ
E\ WKH HPSOR\HH 7KLV LV SDUWLFXODUO\ XVHIXO ZKHQ DQ
LQWXLWLYHXQGHUVWDQGLQJLVKLQGHUHGGXHWRWKHODUJHDPRXQW
RIGDWDRULWVFRPSOH[UHODWLRQVKLSV,QWKLVFDVHWKHV\VWHP
FDQ JHQHUDWH NH\ ILJXUHV VXLWDEOH IRU GHFLVLRQ PDNLQJ
PHDQLQJ WKDW WKH ZRUNHU LV XQEXUGHQHG IURP URXWLQH
DFWLYLWLHVDQGIRFXVHVRQKLVUHDOZRUNDQGOHDUQLQJWDVNV
)RUDXWRPDWHGSURFHVVLQJRIGDWDGHWDLOVRI WKHFXUUHQW
VLWXDWLRQ DQG FRQWH[W RI IXOILOOLQJ D VSHFLILF WDVN FDQ EH
HYDOXDWHG 7KLV HQDEOHV VRFDOOHG FRQWH[WVHQVLWLYH
SURYLVLRQRI LQIRUPDWLRQ6HOHFWLRQDQGSUHVHQWDWLRQRI WKH
LQIRUPDWLRQ GLVSOD\HG WDNH LQWR DFFRXQW SURGXFWVSHFLILF
ZRUNSODQVDVZHOODVFXUUHQWO\DYDLODEOHWRROVDQGSDUWVEXW
HVSHFLDOO\LQGLYLGXDOFKDUDFWHULVWLFVRIHDFKHPSOR\HH7KLV
PD\ LQFOXGH DPRQJ RWKHU GHWDLOV WKH ODQJXDJH XVHG WKH
EDVLF VNLOOV DQG WKH OHDUQHUV NQRZOHGJH UHJDUGLQJ WKH
FXUUHQWWDVN
,Q DGGLWLRQ UHFHQW GHYHORSPHQWV LQ WHUPV RI PDQ
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QRW GHVLUHG WR OLPLW WKH SRVLWLYH HIIHFWV RI LQGLYLGXDO




7R FUHDWH D KROLVWLF SODQQLQJ PRGHO D FRPSOHWH
LQYHVWLJDWLRQ RI VXFK LQWHUDFWLRQV DV ZHOO DV WKH
LGHQWLILFDWLRQ RI LQWHUGHSHQGHQFLHV EHWZHHQ H[WHUQDO
LQIOXHQFHV DQG WKH DGGUHVVHG OHYHUV LV FUXFLDO *LYHQ WKH
VWLOO\RXQJKLVWRU\RIF\EHUSK\VLFDOV\VWHPVLWLVLPSRUWDQW
WR H[SORUH WKH VSHFLILF QHHGV DQG RSSRUWXQLWLHV RI
WHFKQRORJ\GULYHQVROXWLRQVWRVXSSRUWZRUNEDVHGOHDUQLQJ
>@ %\ HYDOXDWLQJ LQGLYLGXDO PHDVXUHV DQG DVVLVWDQFH
V\VWHPV HPSLULFDO UHVHDUFK FUHDWHV WKH FRQGLWLRQV IRU D
SXUSRVHIXO LPSOHPHQWDWLRQ RI ZRUN HQYLURQPHQWV WKDW
VXSSRUW OHDUQLQJ 7KLV HQDEOHV VHWWLQJ H[SHQVHV LQ UHODWLRQ
WRWKHDQWLFLSDWHGEHQHILWVHYHQLQHDUO\SODQQLQJVWDJHVRID




7KH'HPRQVWUDWLRQ)DFWRU\ LV WKH UHTXLUHG SODWIRUP IRU
WKHVH NLQG RI QHHGHG HPSLULFDO YDOLGDWLRQ LQ DQ LQGXVWULDO
HQYLURQPHQW ,W HQDEOHV VROXWLRQV WR EH GHYHORSHG WR WKH
VWDWH WKH\ FDQ GLUHFWO\ EH LPSOHPHQWHG IRU SUDFWLFDO
HFRQRPLF XVDJH ,Q $GGLWLRQ GLIIHUHQW DWWULEXWHV D
³/HDUQLQJ)DFWRU\´KDVWRKDYHZLOOEHH[SORUHGDQGUHILQHG
LQWKLVSODFH
7KH DSSOLFDWLRQ RI WHFKQLFDO DVVLVWDQFH V\VWHPV DQG WKH
JURZLQJ XVH RI GLJLWDO PHGLD IRU ZRUNEDVHG OHDUQLQJ
LQYROYHV H[WHQVLYH PRGLILFDWLRQV RI FODVVLFDO HGXFDWLRQDO
DSSURDFKHVDQGLWVXQGHUO\LQJGLGDFWLFV7REHDEOHWRPDNH
UHOLDEOH VWDWHPHQWV DERXW WKH HIILFDF\ RI FHUWDLQ PHWKRGV
DQG PHDVXUHV VXSSRUWLQJ OHDUQLQJ DJDLQVW WKH VXJJHVWHG
EDFNJURXQGFRPSUHKHQVLYHHPSLULFDOLQYHVWLJDWLRQVZLOOEH
QHFHVVDU\ 7KHVH LQYHVWLJDWLRQV DUH QRW HDV\ WR LPSOHPHQW
LQ DFWLYH SURGXFWLRQ HQYLURQPHQWV EHFDXVH HYHU\
H[SHULPHQWDOYDULDWLRQRIZRUNLQJRUOHDUQLQJSURFHVVHVFDQ
OHDG WR LPSDLUPHQWVRI WKHUXQQLQJSURGXFWLRQ%HFDXVHRI
WKLVLQWKHVHHQYLURQPHQWVRQO\GDWDFRQFHUQLQJWKHDELOLW\
WR VXSSRUW OHDUQLQJ RI WKH UHVSHFWLYH RYHUDOO FRQFHSW IRU
ZKLFKQRGLIIHUHQWLDWLRQEHWZHHQVLQJOHHIIHFWV LVSRVVLEOH
FDQEHFROOHFWHG
:KHUHDV WKH LPSDFW RI SXUHO\ WHFKQLFDO SDUDPHWHUV FDQ
DOUHDG\ EH TXDQWLILHG VXIILFLHQWO\ LQ ODERUDWRU\ VWXGLHV
SDUWLFXODUO\ VRFLRWHFKQLFDO HIIHFWV ZLWKLQ D SURGXFWLRQ
V\VWHPUHPDLQXQFRQVLGHUHGVRIDU7RIXOILOOWKHHPSLULFDO
QHHG IRU UHVHDUFK FRQFHUQLQJ WKH SURGXFWLRQ RI VRFLR
WHFKQLFDO V\VWHPVZLWKRXW IDFLQJ WKHGHVFULEHG OLPLWDWLRQV
WKHQHFHVVDU\ IUDPHZRUNZDVFUHDWHGE\ WKH IRXQGDWLRQRI
WKH'HPRQVWUDWLRQ)DFWRU\RI WKH5:7+$DFKHQ&DPSXV
>)LJ@2QPðLWIHDWXUHVVPDOOVFDOHSURGXFWLRQRI
PDUNHWDEOH SURGXFWV ZLWK D KLJK YHUWLFDO UDQJH RI
PDQXIDFWXUH7KLVLQFOXGHVVKHHWPHWDOIRUPLQJMRLQLQJRI
DXWRPRWLYHERG\VWUXFWXUHVDQGDPDQXDODVVHPEO\VHFWLRQ
7KH SURFHVV FKDLQ DV ZHOO DV LQGLYLGXDO SURGXFWLRQ VWHSV
UHSUHVHQW DXWKHQWLF LQGXVWULDO UHTXLUHPHQWV LQ WHUPV RI
FRPSOH[LW\OHYHODQGTXDOLW\VSHFLILFDWLRQV
:LWKLQ WKH 'HPRQVWUDWLRQ )DFWRU\ OHDUQLQJ SURFHVVHV
DUHDGGUHVVHGIURPGLIIHUHQWSHUVSHFWLYHV2QWKHRQHKDQG
D JHQHUDO OHDUQLQJ DERXW SURGXFWLRQ LV HQDEOHG E\
JHQHUDWLQJ UHDO PRYHPHQW GDWD ZKLFK LV WKHQ VWDWLVWLFDOO\
DQDO\]HG ZLWK UHJDUG WR FXUUHQW UHVHDUFK LVVXHV 2Q WKH
RWKHUKDQGDWKHPDWLFIRFXVLVRQOHDUQLQJSURFHVVHVLQVLGH
SURGXFWLRQ ZLWK VSHFLDO HPSKDVLV RQ WKH LQWHJUDWLRQ RI






)ROORZLQJ D QHZ HPSLULFDO PHWKRGRORJ\ UHIHUUHG WR DV
Ä6FLHQWLILF 0DQDJHPHQW ³ >@  K\SRWKHVHV WKDW ZHUH
GHULYHG IURP WKHRU\ SUHYLRXVO\ DUH HYDOXDWHG DQG LQ WKH
FDVH RI IDOVLILFDWLRQ WKH\ DUH PRGLILHG IXUWKHU XQWLO D
UHOLDEOH VWDWHPHQW LV SRVVLEOH7KHPHWKRGZLOO LQLWLDOO\EH
XVHG IRU VHOHFWHG XVH FDVHV WKDW DUH DOUHDG\ ORFDWHGRQ WKH
VKRSIORRURIWKH'HPRQVWUDWLRQ)DFWRU\,QWHUDOLDV\VWHPV
IRULQIRUPDWLRQPDQDJHPHQWDUHLQFOXGHG7KLVFRPSULVHVD
PRELOH DSS WR FDSWXUH IDXOWV RI WKH SURGXFWLRQ DQG LWV
FRRSHUDWLYHHOLPLQDWLRQDVZHOODVDFRPSUHKHQVLYHV\VWHP
IRUFRPSDQ\ZLGHNQRZOHGJHPDQDJHPHQW
$QRWKHU IRFXV LV RQ VXSSRUW V\VWHPV IRU PDQXDO
DVVHPEO\ 7KHUH GLIIHUHQW SRVVLELOLWLHV FRQFHUQLQJ ZRUN
LQVWUXFWLRQVDUH LPSOHPHQWHGDQGHYDOXDWHG LQFRPSDULVRQ
$WWKHPRPHQWDFRQQHFWLRQRIWH[WXDODVVHPEO\LQVWUXFWLRQ
ZLWK WKH '&$' PRGHO LV DOUHDG\ LQ XVH ,W ZLOO EH
GHVFULEHGVKRUWO\KHUHLQDIWHU
$WRXFKVFUHHQWKDWZDVLQVWDOOHGDWWKHDVVHPEO\VWDWLRQ
LQVWHDG RI WKH RULJLQDO SULQWHG LQVWUXFWLRQ VHUYHV DV D
KDUGZDUH LQWHUIDFH IRU WKH ZRUNHU >)LJ @ )RU UHDVRQV RI
YLVXDOL]DWLRQWKHZKROH&$'PRGHORIHYHU\VLQJOHYDULDQW
WR EH SURGXFHG LV VWRUHG LQ WKH V\VWHP ,Q HYHU\ DVVHPEO\
VWHS DOO WKH FRPSRQHQWV WKDW ZHUH DOUHDG\ DVVHPEOHG DUH
LOOXVWUDWHG RQ WKH VFUHHQ 1HZO\ DGGHG FRPSRQHQWV DUH
KLJKOLJKWHG LQ D GLIIHUHQW FRORU DQG DVVHPEO\ PRYHPHQWV
DUH YLVXDOL]HG XVLQJ DQLPDWLRQV $W WKH VDPH WLPH WKH
FRUUHVSRQGLQJ WH[WXDO LQVWUXFWLRQ LV GLVSOD\HG DQG
UHIHUHQFHVFRQFHUQLQJQHHGHGWRROVDQGLQGLYLGXDOSDUWVDUH
JLYHQ ,Q DGGLWLRQ SURFHVV SDUDPHWHUV VXFK DV WKH
WLJKWHQLQJWRUTXHRIVFUHZFRQQHFWLRQVDUHGLVSOD\HG





DQGYDULDQWVSHFLILFZRUNSODQVZLOO EH UHDOL]HG7KXV WKH
ULJKW DVVHPEO\ LQVWUXFWLRQ LV FDOOHG DXWRPDWLFDOO\ DQG WKH
FRPSOHWLRQ FRQILUPDWLRQ RI HDFK SURGXFWLRQ VWHS LV
H[HFXWHG E\ FDOOLQJ WKH QH[W VWHS 7KLV HQDEOHV DFFXUDWH




:LWK UHJDUG WR WKH DGDSWLYH DQG DQLPDWHG DVVHPEO\
LQVWUXFWLRQVGHVFULEHGWKHPRGHRIIXQFWLRQLQJLVLOOXVWUDWHG
LQ)LJXVLQJWKHPRGHOSUHVHQWHGLQ&KDSWHU
%DVHG RQ WKLV WKH IROORZLQJ RYHUDUFKLQJ DVVXPSWLRQV





















7KH FRPSOH[LW\ RI WKH WDVNPD\ EH HYDOXDWHG EDVHG RQ
REMHFWLYH FULWHULD 7KH OHDUQLQJ HIILFLHQF\ FDQ EH
GHWHUPLQHGE\FODVVLFDO OHDUQLQJFXUYHWKHRU\EDVHGRQWKH
UHFRUGHG H[HFXWLRQ WLPHV DQG HUURU UDWHV RI WKH VXEMHFWV
+RZHYHU LQDGGLWLRQ WKHSHUFHLYHGVXSSRUWRIOHDUQLQJE\
WKH ZRUNHU KDV WR EH LQFOXGHG ZKLFK LV IDFLOLWDWHG E\
LQWHUYLHZLQJ WKH VXEMHFWV GXH WR WKH VXEMHFWLYLW\ RI WKLV
FULWHULRQ7KHVDPHDSSOLHVWRWKHPRWLYDWLRQWROHDUQZKLFK
LVDOVRODUJHO\EDVHGRQVXEMHFWLYHSHUFHSWLRQV7DNLQJLQWR
DFFRXQW WKHVH YDULRXV WRSLFV D FRPSOHWH SLFWXUH RI HIIHFWV
RIWKHLQGLYLGXDOPHDVXUHFDQEHGUDZQ7KLVDOVREXLOGVWKH
EDVLV IRU FRQVLGHULQJ WKH HFRQRPLFDO HIILFLHQF\ RI D
FRUUHVSRQGLQJLPSOHPHQWDWLRQ
 &RQFOXVLRQDQGRXWORRN
,QGXVWU\  RIIHUV QHZ WHFKQRORJLFDO RSSRUWXQLWLHV WR
VXSSRUW ZRUNEDVHG OHDUQLQJ LQ SURGXFWLRQ 'XH WR WKH




,Q WKLV SDSHU ZH LQWURGXFHG D PRGHO FRPELQLQJ
FKDUDFWHULVWLFVRI,QGXVWU\ZLWKFHQWUDOOHYHUVDLPLQJDW
WKH VXSSRUW RI ZRUNEDVHG OHDUQLQJ %DVHG RQ VFLHQWLILF
WKHRU\ DQG SUDFWLFDO H[SHULHQFH IURP WKH VKRS IORRU
+\SRWKHVHV OLNH ³$Q DGGLWLRQDO HPSOR\HH VRIWZDUH DQG
WDEOHWV FDQ VDYH PRQH\ LQ D KLJK YDULDQFH DVVHPEO\´ DUH
GHGXFHG WR EH HPSLULFDOO\ H[DPLQHG DW WKH'HPRQVWUDWLRQ
)DFWRU\ RI WKH 5:7+ $DFKHQ &DPSXV %\ EULQJLQJ
WRJHWKHU D UHDO SURGXFWLRQ HQYLURQPHQW DQG D QHZ
VWUXFWXUHG DSSURDFK WR HYDOXDWLRQ SURIRXQG FRQFOXVLRQV
DERXWWKHHIIHFWLYHQHVVRIFHUWDLQPHDVXUHVDUHHQDEOHG7KH
VLPSOH H[DPSOH LQ FKDSWHU  VKRZV WKH ZD\ KRZ ZRUN
TouchscreenD emofabrik Aachen
Arbeitsschritt 3
#1 V orderachse vorbereiten
#2 U nterteil S teuersatz 
#3 Tragarm (li) montieren
#4 Tragarm (re) montieren 
#5 Lenkarm aufstecken 
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EDVHG OHDUQLQJ VKRXOG EH FDOFXODWHG WKHQ 0RVW RI WKH
FRUUHODWLRQV EHWZHHQ LPSDFW IDFWRUV DQG OHYHUV KDYH WR EH
TXDOLILHGDQGTXDQWLILHG%DVHGRQWKHVHILQGLQJVPHDVXUHV
VXSSRUWLQJ ZRUNEDVHG OHDUQLQJ FDQ EH SXUSRVHIXOO\
VHOHFWHGLQHDUO\SODQQLQJVWDJHVRIDZRUNV\VWHP
6ROXWLRQV FXUUHQWO\ LPSOHPHQWHG LQ WKH 'HPRQVWUDWLRQ
)DFWRU\DUHSHUPDQHQWO\GHYHORSHGIXUWKHU:LWKUHJDUG WR
WKHSUDFWLFDOH[DPSOHVKRZQKHUHDQDXWRPDWLFDGDSWLRQRI
WKH OHYHO RI GHWDLO IRU DVVHPEO\ LQVWUXFWLRQV WDLORUHG WR WKH
QHHGVRI WKH LQGLYLGXDOHPSOR\HH LVSODQQHG$GGLWLRQDOO\
DXWRPDWHGGHWHFWLRQRI WKHDVVHPEO\SURJUHVVE\PHDQVRI
VHQVRUV DQG LPDJH FDSWXUH ZLOO EH WHVWHG 7KH LQGLYLGXDO




7KH ZRUN SUHVHQWHG KHUH LV VXSSRUWHG E\ WKH *HUPDQ
)HGHUDO 0LQLVWU\ RI (GXFDWLRQ DQG 5HVHDUFK %0%)
ZLWKLQ WKH FROODERUDWLYH UHVHDUFK SURMHFW (/,$6
(QJLQHHULQJ DQG PDLQVWUHDPLQJ RI OHDUQLQJIULHQGO\
LQGXVWULDOZRUNV\VWHPVIRU,QGXVWU\
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